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SOLID-STATE IMAGE PICKUP APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a solid-state 
image pickup apparatus and image pickup system and, 
more particularly, to a solid-state image pickup 
apparatus having a pixel including a photoelectric 
conversion unit, a read transistor for reading a signal 
from the photoelectric conversion unit, and a reset 
transistor for supplying a reset signal to the input 
portion to reset the input portion of the read 
transistor, and an image pickup system using such the 
apparatus . 

Related Background Art 

Conventionally, a CCD has been often used as a 
solid-state image pickup apparatus because of its high 
S/N ratio. On the other hand, a so-called 
amplification type solid-state image pickup apparatus 
that is advantageous in a simple manner of use or low 
power consumption has also been developed. An 
amplification type solid-state image pickup apparatus 
supplies signal charges accumulated in a 
light -receiving pixel to the control electrode of a 
transistor in the pixel unit and outputs an amplified 
signal from the main electrode. Examples of 
amplification type solid-state image pickup apparatus 



transistors are a SIT image sensor using a SIT (static 
induction transistor) as an amplification transistor, a 
BASIS using a bipolar transistor, a CMD using a JFET 
(junction field effect transistor) whose control 
electrode is depleted, and a CMOS sensor using a MOS 
transistor. Especially, extensive efforts have been 
made to develop a CMOS sensor because it satisfactorily 
matches with a CMOS process and can form a peripheral 
CMOS circuit on one chip. 

Fig. 4 is a circuit diagram showing a conventional 
CMOS image sensor. The Fig. 4 illustrates 2x2 pixels 
for simplification. The sensor includes a unit pixel 
1, a photodiode 2 for receiving light and accumulating 
signal charges, a signal charge amplification MOS 
transistor 3, a transfer MOS transistor 4 for 
transferring the signal charges accumulated in the 
photodiode 2 to the gate electrode unit of the MOS 
transistor 3, a reset MOS transistor 5 for resetting 
the gate electrode potential of the MOS transistor 3, 
and a power supply potential supply line 6 to which the 
drain electrode of the reset MOS transistor 5 and that 
of the amplification MOS transistor 3 are commonly 
connected. The sensor also has a selection switch MOS 
transistor 7 for selecting an output pixel, and a pixel 
output line 8. When the selection switch MOS 
transistor 7 is turned on, the source electrode of the 
amplification MOS transistor 3 is electrically 
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connected to the output line 8, and the signal output 
from a selected pixel is supplied to the output line 8. 
A constant current supply MOS transistor 9 supplies the 
amplification MOS transistor 3 with a load current 
5 through the pixel output line 8 and the selection 

switch MOS transistor 7 of a selected pixel to make the 
amplification MOS transistor 3 with operate as a source 
follower and to output a potential having a 
predetermined voltage difference from the gate 
10 potential of the MOS transistor 3 to the output line 8. 
A transfer control line 10 controls the gate 
potential of the transfer MOS transistor 4. A reset 
control line 11 controls the gate potential of the 
reset MOS transistor 5. A selection control line 12 
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15 controls the gate potential of the selection MOS 



transistor 7. A constant potential supply line 13 
supplies a predetermined potential to the gate of the 
MOS transistor 9 such that the MOS transistor 9 
performs a saturation region operation and serves as a 

20 constant current source. A pulse terminal 14 supplies 
a transfer pulse to the transfer control line 10. A 
pulse terminal 15 supplies a reset pulse to the reset 
control line 11. A pulse terminal 16 supplies a 
selection pulse to the selection control line 12. A 

25 vertical scanning circuit 17 sequentially selects the 

rows of pixels arrayed in a matrix. Output lines 18 of 
the vertical scanning circuit 17 comprise a first row 
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selection output line 18-1 and a second row selection 
output line 18-2. A switch MOS transistor 19 supplies 
a pulse from the pulse terminal 14 to the transfer 
control line 10. A switch MOS transistor 20 supplies a 
5 pulse from the pulse terminal 15 to the reset control 
line 11. A switch MOS transistor 21 supplies a pulse 
from the pulse terminal 16 to the selection control 
line 12. The gates of the MOS transistors 19, 20, and 
21 are connected to the row selection output line 18. 

10 The state of the row selection output line 18, 

determines the row on which pixels become active. 

The sensor also includes an readout circuit 22 for 
reading out an output from a pixel, a capacitor 23 for 
holding a reset signal output from a pixel, a capacitor 

15 24 for holding a photo -signal output from a pixel, a 
switch MOS transistor 25 for connecting/disconnecting 
the pixel output line 8 to/from the capacitor 24, a 
noise output line 27 to which the reset output held by 
the capacitor 23 is supplied, a signal output line 28 

20 to which the optical output held by the capacitor 24 is 
supplied, a switch MOS transistor 29 for 
connecting/disconnecting the capacitor 23 to/from the 
noise output line 27, a switch MOS transistor 30 for 
connecting/disconnecting the capacitor 24 to/from the 

25 signal output line 28, a noise output line reset MOS 

transistor 31 for resetting the potential of the noise 
output line 27, a signal output line reset MOS 



transistor 32 for resetting the potential of the signal 
output line 28, a power supply terminal 33 for 
supplying a reset potential to the source electrodes of 
the reset MOS transistors 31 and 32, a horizontal 
scanning circuit 34 for sequentially selecting the 
capacitors 23 and 24 which are arranged for each column 
of pixels arrayed in a matrix, an output line 35-1 for 
selecting the first column, and an output line 35-2 for 
selecting the second column. The output lines of the 
horizontal scanning circuit 34 are connected to the 
switch MOS transistors 29 and 30. A pulse supply 
terminal 36 applies a pulse to the gates of the reset 
MOS transistors 31 and 32. Pulse supply terminals 37 
and 38 apply pulses to the gates of the switch MOS 
transistors 25 and 26, respectively. A differential 
amplifier 39 amplifies and outputs the voltage 
difference between the potential of the noise output 
line 27 and that of the signal output line 28 . The 
differential amplifier 39 has an output terminal 40. 

The operation of the sensor shown in Fig . 4 will 
be described next with reference to the timing chart 
shown in Fig. 5. Note that all MOS transistors shown 
in Fig. 4 are NMOS transistors which are turned on when 
the gate potential is at high level and off at low 
level . Numorals indicating timing pulses in Fig . 5 
correspond to the reference numerals of pulse input 
terminals in Fig. 4. 



When the row selection output line 18-1 goes high 
upon operation of the vertical scanning circuit 17, 
operation of the first row of the pixel matrix is 
enabled. When the pulse terminal 16 goes high, the 
source of the amplification MOS transistor 3 of each 
pixel is connected to the constant current supply 9 
through the output line 8, so the source follower 
output of the pixel is output to the output line 8 . 
When the pulse terminal 1 5 goes high , the gate portion 
of the amplification MOS transistor 3 is reset by the 
reset MOS transistor 5. When a High pulse is applied 
to the pulse supply terminal 37 next, the reset output 
of the pixel is accumulated in the capacitor 23 through 
the MOS transistor 25. 

When a High pulse is applied to the terminal 14, 
signal charges accumulated in the photodiode 2 are 
transferred to the gate of the MOS transistor 3 through 
the transfer MOS transistor 4. Subsequently, when a 
High pulse is applied to the terminal 38, an output in 
which a signal is superposed on the reset output of the 
pixel is accumulated in the capacitor 24 through the 
MOS transistor 26. Th reset output of the pixel varies 
because the threshold voltage of the MOS transistor 3 
varies among the pixels. Hence, the difference between 
the outputs accumulated in the capacitors 23 and 24 is 
a pure signal free from noise. When the horizontal 
scanning circuit 34 is operated, the output lines 35-1 



and 35-2 sequentially go high, and the outputs 
accumulated in the capacitors 23 and 24 of each column 
are supplied to the horizontal output lines 27 and 28 
through the MOS transistors 29 and 30, respectively. 
Before the High pulses from the output lines 35-1 and. 
35-2 are output, the terminal 36 is set at high level 
to reset the horizontal output lines 27 and 28 through 
the MOS transistors 31 and 32 in advance. The pixel 
reset output and the signal output superposed on the 
pixel reset level, which are supplied to the horizontal 
output lines 27 and 28, are input to the differential 
amplifier 39. A pixel signal obtained by subtracting 
the reset level, i.e., a pixel signal free from noise 
is output from the output terminal 40. 

In the prior art, however, since the number of MOS 
transistors of one pixel and the number of control 
lines are large, a small pixel in size is hard to 
realize. That is, in the prior art shown in Fig. 4, 
one pixel has four MOS transistors and three control 
lines in addition to a photpdiode, power supply line, 
and pixel output line . Unlike a pixel of a CCD with a 
simple arrangement, size reduction is hard for CMOS 
sensors . 

SUMMARY OF THE INVENTION 

It is an object of the present invention to easily 
reduce the pixel size. 
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In order to achieve the above object, according to 
an aspect of the present invention, there is provided a 
solid-state image pickup apparatus comprising: 

a pixel including a photoelectric conversion unit, 
a read transistor for reading a signal from the 
photoelectric conversion unit, and a reset transistor 
for resetting an input portion of the read transistor; 
and 

an output line to which the signal from the read 
transistor is read out, 

wherein the reset transistor is controlled in 
accordance with a signal level of the output line. 

According to another aspect of the present 
invention, there is provided a solid-state image pickup 
apparatus comprising : 

a plurality of pixels arrayed in horizontal and 
vertical directions, each pixel including a 
photoelectric conversion unit, a read transistor for 
reading a signal from the photoelectric conversion 
unit, and a reset transistor for controlling a control 
electrode area to reset an input portion of the read 
transistor, thereby turning on/off the read transistor; 
and 

a signal line for supplying a predetermined signal 
level to operate the read transistor, 

wherein the signal line is connected to one of 
main electrode areas of the reset transistor, and 
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the signal line independently supplies a signal on 
a unit basis of the plurality of pixels in a horizontal 
direction . 

The above and other objects, features, and 
5 advantages of the present invention will become 

apparent from the following description in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram showing the first 
embodiment of the present invention; 

Fig. 2 is a circuit diagram showing the second 
embodiment of the present invention; 

Fig. 3 is a block diagram showing an example in 
which a solid-state image pickup apparatus of the 
present invention is applied to an image pickup system; 

Fig. 4 is a circuit diagram showing a conventional 
solid-state image pickup apparatus; and 

Fig. 5 is a timing chart of the solid-state image 
pickup apparatus shown in Fig . 4 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The characteristic features of the embodiments of 
the present invention will be described with reference 
25 to Fig. 1. As the first characteristic feature of the 
present invention, a pixel output line 8 is connected 
to the gate of a reset MOS transistor 5, thereby 
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omitting a row selection MOS transistor and its gate 
potential control line, and the gate potential control 
line of the reset MOS transistor. 

In the above arrangement, the pixel output line 
5 also serves as a reset control line for controlling the 
potential of the pixel output line and turning on/off 
the reset MOS transistor when the gate of the 
amplification transistor is to be reset to the power 

p h 

supply line potential. As the second characteristic 



m 



1=.; 10 feature, a reset potential supply line connected to the 
drain portion of the reset MOS transistor 5 is also 
used as a power supply line connected to the drain 
JL portion of an amplification MOS transistor 3 serving as 

a read-out means. The potential of the power supply 
15 line is changed independently for each row. In the 

reset operation, the reset potential supply line of an 
unselected row is set to a potential for setting the 
amplification transistor in an cutoff state, and the 
power supply line of a selected row is set to a 
20 potential for setting the amplification transistor in 
an active state. With the setting and control of the 
pixel output line and power supply line, the gate 
potential control line of the reset MOS transistor, the 
row selection MOS transistor and its gate potential 
25 control line of the prior art can be omitted, and the 
pixel size can be reduced. 

The embodiments of the present invention will be 



described below in detail with reference to the 
accompanying drawings . 

Fig. 1 is a circuit diagram showing the first 
embodiment of the present invention. This embodiment 
is related to a pixel arrangement and pixel operation. 
The read circuit and horizontal scanning system are the 
same as in the prior art shown in Fig. 4 and therefore 
are not illustrated. Only the pixel layout portion, 
vertical scanning system, and pixel output line 
potential control circuit of a 2 x 2 pixel solid-state 
image pickup apparatus are shown. The same reference 
numerals as in Fig. 4 denote the same parts in Fig. 1, 
and a description thereof will be omitted. 

Referring to Fig. 1, a control terminal 41 
supplies a potential to the gate of a constant current 
supply MOS transistor 9 of a pixel source follower to 
ON/OFF-control the constant current. A MOS transistor 
42 controls the potential of a pixel output line 8. A 
pulse input terminal 43 controls the gate potential of 
the MOS transistor 42. The pixel output line 8 of each 
column is connected to the gate of a reset MOS 
transistor 5 of each pixel of that column. The drain 
of the reset MOS transistor 5 and that of an 
amplification MOS transistor 3 are commonly connected 
to the output line of a vertical shift register 
(vertical scanning circuit) 17. Output lines 18-1 and 
18-2 of the vertical shift register have a large 
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current supply capability because they serve as a power 
supply of the pixel source follower of each row. 

Note that the MOS transistors shown in Fig. 1 are 
NMOS transistors except the MOS transistor 42, which 
5 are turned on when the gate potential is at high level 
and off at low level. The MOS transistor 42 is a PMOS 
transistor which is turned off when the gate potential 
is at high level and turned on at low level. 

The operation of this embodiment will be described 
10 next. The operation of this embodiment is different 

from the prior art described with reference to Figs. 4 
and 5 only in the reset operation before reading pixel 
%^ signals of one row. In the reset operation, the 

^ terminals 41 and 43 are set at low level to turn off 

I y 

15 the MOS transistor 9 and turn on the PMOS transistor 
H 42, thereby setting the potential of the pixel output 

line 8 at high level. At this time, the reset MOS 
transistor 5 is turned on. In accordance with the 
output from the vertical shift register, the gate 

20 potential of the amplification MOS transistor 3 of a 

pixel of a selected row is reset to high level, and the 
gate potential of the amplification MOS transistor 3 of 
a pixel of an unselected row is reset to low level. 
Next, the potential of the terminal 41 is set to make 

25 the MOS transistor 9 provide a constant current, and 
the potential of the terminal 43 is set at high level 
to turn off the MOS transistor 42. In this state, only 



the pixel source follower of the selected row operates , 
and the reset output of the pixel is read out to the 
output line 8 . A series of operations such as 
accumulating the reset output in the read circuit , 
transferring signal charges in a photodiode 2 to the 
gate of the MOS transistor 3, and accumulating the 
reset + signal output in the read circuit are the same 
as those described with reference to Figs . 4 and 5 . 

Referring to Fig, 1, the output from the vertical 
shift register is used as the reset potential supply 
source of each row. However, an output through a 
buffer circuit having a high current supply capability 
may be used. In the above operation, the drive circuit 
may be set such that the reset potential supply line 
goes high when the pixels are reset, and the signal of 
a selected pixel is output to the pixel output line. 
At this time, the potential of the pixel output line is 
low, and the gate potential of the MOS transistor 3 
does not become so high as to turn on the MOS 
transistor 3 of a pixel of an unselected row. 

According to the above-described first embodiment, 
since the number of MOS transistors of a pixel and the 
number of control lines are decreased compared to the 
prior art, a smaller pixel can easily be realized. 

Fig. 2 is a circuit diagram showing the second 
embodiment of the present invention. This embodiment 
is related to a pixel arrangement and pixel operation. 
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The read circuit and horizontal scanning system are the 
same as in the prior art shown in Fig. 4 and therefore 
are omitted. Only the pixel layout portion, vertical 
scanning system, and pixel output line potential 
5 control circuit of a two-dimensional solid-state image 
pickup apparatus having 4 rows x 2 columns are shown . 
The same reference numerals as in Figs, 1 and 4 denote 
the same components in Fig. 2, and a description 
a thereof will be omitted. 

?.„s 10 Referring to Fig. 2, a unit pixel 44 includes two 

JjTjJ photodiodes adjacent in the column direction. Since 

;;u|: 3 

^'i: the photodiodes are independent, the unit pixel 44 

"L corresponds to two pixels of the image pickup 

— ! 

apparatus . Signal charges accumulated in the two 

ft I 

p 15 photodiodes are transferred to the gate portion of a 

M common amplification MOS transistor 3. As in Fig. 1, a 

pixel output line 8 of each column is connected to the 
gate of a reset MOS transistor 5 of each pixel of that 
column. As in Fig. 1, the drain of the reset MOS 
20 transistor 5 and that of the amplification MOS 

transistor 3 are commonly connected. In the matrix 
layout of the photodiodes, one reset & power supply 
line is prepared every two rows. Outputs 18-1, 18-2, 
18-3, and 18-4 of a vertical shift register 17 select 
25 the photodiodes of the first, second, third, and fourth 
rows for a read-out, respectively. An OR gate 45 
receives two output lines of the vertical shift 



register. An output line 46 of the OR gate 45 serves 
as a reset & power supply line of the unit pixel 44. 
The potential of supply line 46 of a unit pixel to 
which selected pixels connect goes high. The power 
supply line 46 has a sufficient current supply 
capability. 

Note that the MOS transistors shown in Fig. 2 are 
NMOS transistors except a MOS transistor 9, which are 
turned on when the gate potential is at high level and 
off at low level. Only the MOS transistor 9 is a PMOS 
transistor which is turned off when the gate potential 
is at high level and turned on at low level. 

The operation of the arrangement of this 
embodiment will be described next . A series of 
operations of resetting the gate of a selected MOS 
transistor 3 by a high potential, simultaneously 
resetting the gate of an unselected MOS transistor 3 by 
a low potential, reading the reset output, transferring 
signal charges in a selected photodiode, and reading 
(reset + signal) output are the same as those of the 
first embodiment. The second embodiment is different 
from the first embodiment only in that since two 
photodiodes are assigned to one unit pixel, one unit 
pixel is continuously selected for two rows selection, 
and a detailed description thereof will be omitted. 

According to the above-described second 
embodiment, since the number of MOS transistors of a 
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pixel and the number of control lines are decreased 
further compared to that of the first embodiment, a 
small pixel can easily be realized. In the second 
embodiment, a unit pixel includes two photodiodes. The 
embodiment is still effective for the unit pixel 
including more than two photodiodes . 

The n- and p-types of MOS transistors and the 
polarity of each drive pulse in the first and second 
embodiments may be reversed. 

A image pickup system using the solid-state image 
pickup apparatus of the first or second embodiment will 
be described next with reference to Fig. 3. 

Referring to Fig. 3, the image pickup system has a 
barrier 101 serving as the protection and main switch 
of a lens, a lens 102 for forming an optical image of 
an object onto a solid-state image pickup apparatus 
104, an iris 103 for changing the amount of light 
transmitted through the lens 102, the solid-state image 
pickup apparatus 104 for receiving the object image 
formed by the lens 102 as an image signal, an A/D 
converter 106 for performing analog- to-digital 
conversion of the image signal output from the 
solid-state image pickup apparatus 104, a signal 
processing unit 107 for performing various kinds of 
correction for the image data output from the A/D 
converter 106 or compressing the data, a timing 
generation unit 108 for outputting various kinds of 
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timing signals to the solid-state image pickup 
apparatus 104, image pickup signal processing circuit 
105, A/D converter 106, and signal processing unit 107, 
a system control and operation unit 109 for performing 
various kinds of operations and controlling the entire 
still video camera, a memory unit 110 for temporarily 
storing the image data, an Interface unit 111 for 
recording/reading out the image data on/from a 
recording medium, a detachable recording medium 112 
such as a semiconductor memory for recording or reading 
out image data, and an interface unit 113 for 
communicating with an external computer or the like. 

The operation of the still video camera with the 
above-described arrangement in the phototaking mode 
will be described next . 

When the barrier 101 is opened, the main power 
supply is turned on, the power supply of the control 
system is turned on next, and finally, the power supply 
of the image pickup system circuit such as the A/D 
converter 106 is turned on. 

To control the exposure amount, the system control 
and operation unit 109 sets the iris 103 to the 
full-aperture state. The signal output from the 
solid-state image pickup apparatus 104 is converted by 
the A/D converter 106 and is then input to the signal 
processing unit 107. The system control and operation 
unit 109 calculates for exposure adjustment on the 
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basis of the data, and control the iris. 

On the basis of the signal output from the 
solid-state image pickup apparatus 104, a 
high-frequency factor is extracted, and the distance to 
the object is calculated by the system control and 
operation unit 109. After that, the lens is driven, 
and it is determined whether an in-focus state is 
obtained or not. If the state is out of focus, the 
lens is driven again, and distance measurement is 
performed. 

After confirming the in-focus state, main exposure 
starts. When exposure is ended, the image signal 
output from the solid-state image pickup apparatus 104 
is converted to digital signal by the A/D converter 
106, passes through the signal processing unit 107, and 
is written in the memory unit by the system control and 
operation unit 109. After that, the data stored in the 
memory unit 110 is recorded on the detachable recording 
medium 112 such as a semiconductor memory through the 
recording medium control I/F unit under the control of 
the system control and operation unit 109. The image 
data may be directly input to a computer or the like 
through the external I/F unit 113 to process the image. 

As has been described above, according to the 
embodiments, the number of components of a pixel, and 
in, e.g., a CMOS sensor, the number of MOS transistors 
and gate potential control lines can be reduced as 



compared to the prior art, and the pixel size can 
easily be reduced. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 
spirit and scope of the present invention. It should 
be understood that the present invention is not limited 
to the specific embodiments described in the 
specification, except as defined in the appended 
claims . 



